

Edited by JYavis and. Anne Watson Susqfp- 



Control 32 DAC channels via a parallel port 

M^fkA^ilL Burr-Brown Corp, Tuam,AZ 



OCCASIONALLY, A SYSTEM needs sev 
eral digitally programmable volt 
age-output channels, f ' 
Such output channels typi- I — * 
cally provide the control for robot posi- 
tioning, industrial processes, and even 
home automation. The circuit in Figure 
I ipg 94) controls 32 voltage-output 
chajiaeis from the parallel port of a PC. 
The circuit comprises eight DAC7615 
quad voltage-output, serial-data pro- 
grammable, 12 -bit DACs. The control- 
Kng PC individually programs each of the 
32 DAC channels, and all DAC oiitfKitl 
simultaneously update. 

The parallel port's eight data-output 
lines provide serial data into each of the 
eight quad DAC7615s. The remaining 
four control lines of the parallel port pro- 
vide the serial-data dock, input-register 
clock, DAC-register clock, and DAC-re- 
set functions. Each DAC7615 has a ref- 
erence high and Iciv input, which the cir- 
cuit connects to external reference 
voltages of 2,5V and -2.5V, respectively. 
Two OPA4277 quad op amps buffer the 
±2.5V DAC reference voltages. Because 
atl of the DACs use the same ±2.5V ref- 
erence voltages, all DAC outputs track to- 
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A series of eight quad-ou^ut voltage DACs provide 52 channels that you can individually program. 
Ml «f ite OACs sjmoBdQiMW^ i^ilMfe. 



gether as a function of these references. 
The resulting DAC output-voltage range 
for all 32 channels is -2.5V to -1-2. 5V. 

The circuit programs each of the eight 
DAC76I5s by shifting in a serial 16-bit 
word comprising two address bits, two 
dummy bits, and the DAC 12-bit data 
word. The serial data for the V^^jj,^.^ chan- 
nel of each DAC7615 shifts in first, fol- 
lowed by the Vgy,.g, V^^^^, and V 
channels. The DAC7615s have a double- 
buffered data input, so the circuit can 
load the programmed data for all DAC 
channels into input registers without 
changing the previously set DAC output 
voltage. After each 16-bit ^vord shifts into 
the correspon ding DAC7 615, the DAC 
control line LOADREG momentarily 
pulses low to latch the shifted data into 
each DACs internal input register. Final- 
ly, when the circuit has programmed all 
DAC input registers, the signal LOAD- 
DACS pulses low to update the internal 
DAC registers md diangt all DAC out- 
puts. 

To use the parallel port for simultane- 
ous serial data transmission to all 
DAC76L5S, the software must first ma- 
nipulate the digital output data to pkce 
it in a form that can stram out the par- 
allel port. The controlling software trans- 
poses a group of eight 16-bit words, rep- 
resenting the codes to shift into each 



DAC7615, into a group of 16 8-bit words 
(Figure 2). The resulting vector of 16 8- 
bit words represents the 16-bit serial data 
stream, which the circuit simultane04*siy 
shifts into the selected one-of-four reg- 
isters of the DAC7615S. This transposi- 
tion repeats four times to program all 
four channels of each DAC7615. 

The accompanying program "Write- 
DAC32," which is written in Borland Tuf- 
bo Pascal, accepts an array of 32 12-bit 
codes for programming each of the DAC 
channels. WriteDAC32 uses an assembly- 
language procedure to repeatedly left- 
shift the leading bit of each 12-bit DAC 
code and then reconstruct 12 8-bit words 
representing the stream data that the PC 
outputs on all eight of the parallel port's 
data lines. To program all 32 DAC fhan- 
neis, 4X16 data-clock cycles are neces- 
sary. If you daisy-chain the DACs, the 
number of necessary clock cycles is 
4X8X 16. You can download the pro- 
gram ffom £DiVs Vv'eb site, w\v\>l. 
ednmag.com. Click on "Search Databas- 
es/Links Page" and then enter the Soft- 
ware Center to download th* ilk frciQ 
DI-S1G,#2347. (DI #2347) 
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Comparator has programmable limits 

Mkhele Frantisek, Bmo, Czech Republic 



THE CIRCUIT IN Figure 1 combines a 
dual buffered D/A converter and dual 
four-input comparator to configure 
a comparator circuit with a digitally pro- 
grammable window center and width. 
The circuit has three outputs that sepa- 
rately indicate the comparison 
states: within the window, over 



in the DAC's latches. Whereas DAC A of 
the DAC-8222 operates in a bipolar con- 
figuration, DAC B operates in unipolar 
mode. A ^P's address b us gene rates the 
DACs cenArcJ mgmk DAC-A'/nM: B, 



LDAC, and WR. The reference voltage for 
the Vjjgp^ and V^^p^ inputs of the DAC- 
8222 comes from the REF08, configufed 
for a - 1 0.24V output. The LTCli)4Q cw- 



Figure} ] 



the upper limit, or below the lower lim- 
it. With the component values shown, 
you can program the center voltage of the 
window from - 10.24 to -t- 10.235V in 5- 
roV steps, and the width of the window 
from to 20.47V, also in 5-mV steps. The 
programmed values are fully independ- 
ent of each other and of the input volt- 
age. The dual buffered DAC-8222, to- 
gether with three op amps from an 
OP-400, generates the voltages V^ (center 
voltage for the LTC 1 040) and V.^, (half the 
window width) from binary data stored 
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LATCHED INPUT 
DATA IN ElAC A 



1000 0000 0000 
DECIMAL 2048 

0111 0011 1000 

ICSX) itm lOOfl 
DECIMAL 1248 



LATCHtU (MPUr 
BATA m OAC B 



0001 1001 0000 
DECIMAL 400 

0001 1001 0000 

0100 1011 0000 
dECDMAL 1200 



Examples of V and Vy and their digital equivalents are stored in the DAC's latches. 
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that drive the three outputs of the circuit. 
Output Out 1 assumes a logic-high state 
if the algebraic sum of the voltages at A^, 
^iN2' ^iN3' ^"'^ \m positive, as the fol- 
lowing equations show: V^j^,— V^>0; 
therefore, Y^^>Y^+Y^. Out 1 thus as- 
sumes a high state if V,!^ is greater than 
the upper limit of the window ( V^+V^). 
SiTOifarly, Out 2 assumes a high state if 

B,N2' B,N3' 
-Vy>0; there- 



the sum of voltages B,^ 
B is positive: V — V^, 



fore, V,^<Vx- V^. Thus, Out 2 goes high 
if the value of V^j^ is lower than the bot- 
tom limit of the window (V^— V ). Fi- 
nally, Out 3 assumes a high state if both 
Output 1 and Output 2 are low: 
V^-V^<V,^<V^+Vy. Thus, Output 3 
goes high if the value of V,j^ is greater 
than the lower limit and lower than the 
upper limit of the window. The RC com- 
bination at Pin 16 of the LTC1040 deter- 
mines the sampling rate; in this case, ap- 



proximately 1000 samples/sec. Figure 2 
gives some examples of V^^ and and 
their digital equivalents stored in the 
DAC's latches. The ciroMt needs no cerfi- 
bration and produces maximum errors 
of ±10 mV over the full range. (DI 
#2377) 
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DAA circuit emulates central-office operation 

Jerzy Chrzaszcz, Warsaw University of Technology^ Poland 

THE Mitel MH88422 data-access 
arrangement (DAA), a thick-film hy- 
brid module, contains a ' ." 
complete interface between du- L ^'B"'* * 



plex voice- or data-ttansmfeslort equip- 
ment and an analog telephone line. It 
provides transformerless, optoisolated 
two-to-four-wire conversion with trans- 
hybrid loss cancellation and operates 
from a 5V supply. The DAA also con- 
sumes low on-hook power. Figure la 
gives Mitel's typical application circuit. 
The Tip and Ring lines connect to a cen- 
tral-office or private-branch-exchange 
line, and the interfacie mimics the opet- 
ation of a telephone set. The modifica- 
tion in Figure lb changes the function of 
the interface such that an ordinary sin- 
gle-line telephone can connect directly 
to such systems as a votce/touch-tone pe- 
ripheral device. 

In this configuration, line-control 
(LC) input is always active. When the 
telephone goes off-hook, the path from 
battery to ground doses. Line current 
flowing in the sense resistor in the 
MH88422 activates ring voltage/line cur- 
rent (RVLC), thereby signaling the off- 
hook state to thfi system controller. Ana- 
log fnnctrons are as ifi the original 
configuration; that is, you can transmit 
and receive signals. The modified system 
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A RHK^ffii^oi) (b) of a DAA's recommeiuietl ttteiface <a} provides celftra^ofRce-<ik« operas for 
singie-tuie telephones. 

provides no ring signal and thus can serve To Vote For This Desi(»<, 

orily incoming caHs; nevertheless, the in- CiRCi* No. 348 

terface operates much like a centtdt'^f' 
fice arrangement. (DI #2376). 
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Speedy logic translator uses little power 

Davis Magliocco, CDPI, Scientrier, France 



IK HANDHELD EQUIPMENT, Component 
count and power consumption are 
critical considerations. This Design 
Idea wses only a few transistors to con- 
figure a high-speed output | 
stage of an RS-232C 
link while draining 



link is easy to implement with a standard 
Schmitt trigger, such as a CD40106 or 

CD4584, with protection resistors in se- — j,.. „ ..^ 

rieiwift theiftpuits.ThedrajitinH^« wljil.e-Q ison. Alsoyiie time ccmstants 



1 translates in the other direction. The 
circuit has some shortcomings: It wastes 
power through R and turning off Qj 



Figure 3 



few precious mtlliamperes 
inm tks batterieij. In gener- 
al, the data to transmit coKcs 
from an IC (for example, an 
ADC or a jxC) connected to 
5V and ground. The RS- 
232C protocol requires 
±I2V transmission levels. 
You can derive the voltages 
directly from the RS-232C 
line of a computer with a 
itmpie diDd< eifciiit. You 
xmed a charge pump only in 
the case of a direct connec- 
tion to a printer because the 
12 and —12V may not be 
available simultaneously. 

The translation from 
±12V to 0/5V of the signals 
sarniftg from the RS-232C 
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differ in turning Q, and Q, on; the out- 
put rise time can be 50% longer than the 
faJJ time. To obtain high speed and avoid 
transmission errors stemming from 
wrong bit length, you must lower all the 
resistor values, thereby raising power 
consumption. 

The circuit in Figure 2 draws curreat 
only when turning or Q, on. When the 



output of ICj is low, Q, is on, and the re- 
verse-biased is off; no current flcHvs 
in R, and R^. When the output of IC^ goes 
high, Q, turns off while turns on. Be- 
cause the two branches are symmetrical, 
the time constants are similar, and the 
output exhibits similar rise and fall times 
(Figure 3). With one-tenth the power 
consumption «f tire circuit in Figure 1, 



the circuit achieves the same transmis- 
sion 'Ipfttd without risk of bit-length er- 
ror from asymmetrical rise and fall times. 
(D! #2373) 
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Parallel port replaces embedded |jiC 

Eli Kohav and Leonid Grossman, ECI Telecom, Petah-Tikva, Israel 



MANY APPLICATIONS USE an embed- 
ded processor, which has certain 
needs: software, RAM, ROM, 
boafd space, and others. Frequently, an- 
other host computer, usually a PC, con- 
trols the application. Using a single 
CPLD, you can dispense with the em- 
bedded processor and let the PC directly 
control your system via the PC's parallel 
port (Figure 1). Tlie CPLD mimics the 
address, data, and control buses of a stan- 
dard fiC, such as an 8052, so you can use 
ftandfiu"d interfaces and peripherals in 
foiix ffsttm. The advantages you glean 
from this arrangement are: 
• You need no special develop- 



inx s XC9536. The CPLD has three inter- 
nal 8-bit registers. One latches the high- 
address bus — A(15:8). The other two 
latch the multiplexed low-address/Write 
data, and the Read data— AD(7;0). The 
PC writes address and data via the Data 
Port and reads data via the Status Port. 
Status Pin S6 provides an interrupt. The 
Control Port generates the control signals 
of the emulated processor, as well as the 
internal control signals of the CPLD. To 
implement a write cycle, the PC issues 
tbrfi* tucc^^^ive bytsi on the Data Port: 



the low-order address byte, the high-or- 
der address byte, and the data byte. The 
Control Port generates the needed con* 
trol signals (Figure 2a). The system im- 
plements the read cycle by issuing the ad- 
dress in the same order and then reads 
the data byte in two cycles: low-order 
data nybble ai^%4j^®Sfc^8tf' fi^rtrf^e 
(Figure 2b). 

Note that, although the procedure is 
relatively slow, it's fast enough for most 
applications, because total I/O access is 
mif a. friction of the i^f^lea^oii-wft- 



ment software for your embedded 
processor. You can use standard PC 
software. Thus, yocx need not devel- 
op software for two systems. 

• You can dispense with the embedded 
p-C; its ancillary RAM, ROM, and 
crystal <Mcii'tiar, and otter compo- 
mn*s. 

• You free up space on your system's pc 
board. 

• You can benefit from the PC's com- 
puting power and its fiugc hmt. of 
ready- madfi software. 

The circuit in Figure 1 uses a standard 
parallel-port interface, which has 12 dig- 
ital outputs and five digital inputs, which 
you access via three successive 8-bit ports 
in the PC's I/O space; Data Port—eight 
output pins: D(7:0); the Control Port — 
four outputs (three inverted): C3,C2,Cl, 
and CO; and the_Status Port — -five inputs 
(one inverted): S7, S6, S5, S4, and S3. 

The design fits in a small CPLD: Xil- 
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A PC takes over a \xC's job in controlling the write (a) and read ^ (ydes h an aMi^yfM ^ 
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You can exploit otherwise unused control sig- 
nals in Figure tt mil^§a[V9m*» pRentta 
Reset signal. 

war* time budget. The serially cotinect- 
ed lOOO resistors degrade the slew rate 
of the signals routed to the PC to prevent 
transmission-line effects on the parallel 
port's cable. The l-kO pullup resistors 
connect to the open-collector signals on 
the Control Port. The IQ-kJQ puliup re- 
sistors eliminate floating conditions on 
the AD(7:0) bus. This application needs 
no Reset rignal. If your design aeed» oise, 
you can generate it by using a memory- 
mapped port Or an unused combination 
of the control signals (Figures 2c and 3) . 
In this case, you need a larger CPLD, (DI 
#2374) 
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Transimpedance amp covers dc to gigahertz range 

Lukasz SUwczyriski and Przemysaw Krehlik, 
University of Mining and Metallurgy, Krakow, Poland 



To CONVERT THE WEAK, broadband 
signal from a fiber-optic transmis- 
sion channel into electrical form, you 
can UK a high -impedance receiver or a 
transimpedance amplifier. Either meth- 
od provides the desired gain and band- 
width but removes any dc and low-fre- 
quertcy components of the signal, 
because both methods require ac cou- 
pling. In a sittiation in which you need to 
also amplify the dc component, neither 
method is satisfactory. The feedforward 
compensation scheme in Figure 1 solves 
the probkm. The ciroiit exploiis an ERA 



5 monolithic-microwave IC (MMIC) 
from Mini-Circuits (Brooklyn, NY, 
www.minicircuits.com) as the RF ampli- 
fier. It'& easier to use such an off-the-shelf 
part than to configure your own giga- 
hertz-region amplifier. 

You can consider the approach in Fig- 
ure 1 as a sort of transimpedance ampli- 
fier v^jith addition of a feedforward com- 
pensation path. The circuit processes 
signals from Hz to the high-frequency 
cutoff of the MMIC (approximately 4 
GHz for the ERA 5). Current from the re- 
verse-biased photodiode, D^, an loGaAs 



C 30617BQC PIN diode from EG&G 
Canada (vAvw.egginc.com), enters the 
MMIC at 50(1 input impedance, virtu- 
ally a short circuit for the photodiode. 
The MMIC converts the current to a volt- 
age, which appears on the load resistor, 
R^. The MMIC exhibits an output-offset 
voltage of approximately 5V, referred W 
the MMlC's common pin. IC, closes a 
feedback path around the MMIC, thus 
removing any offset voltage between the 
MMIC and circuit ground. You could say 
that IGj giitetittttes for m otitpjit capac- 
itof. 




Exchanging the feedback , 
circuit for an output ca- i 

pacitof provides a sum- j Ffgare 

ming point, comTnient 
for introducing the compen- 
sating signal. This signal com- 
pr is«i the current flowing into 
£be second photodiode termi- 
nal (normally used only for 
polarization) and the transim- 
pedance amplifier made up of 
amplifier IC^ and resistor R^. 
The signal routes next through 

to the summing point at the 
inverting input of amplifier 
IC,. Because the voltage at the 
siimniiiig point must be con- 
stant, any dc cuiTftut item the 
photodiode musf influence the 
MMIC's output voltage, to 
compensate the voltage at the 
output of amplifier IC,. R^., and 
C^. cancel the pole resulting from the de- 
coupling filter, R,,-C,, thus guaranteeing 
Stability. 

Assuming that equals Rg, R^ equals 
R„. and the condition RF = Z,„,/2 is ful- 
filled) the transimpedance gain of the en- 
tlirs drcuit is k= —{S^Z^^)/2, where Z,,^-, is 
tkt t5aiisimp«i*nce of ^klMMJ C mi 




Feedforward coinpeiisation allows you to pr^erve the dc and low^e 
cjuency components of fn»er-optlc traA^odsslons. 



is the photodiode responsivity (typically 
0.85A/W at 1310 nm). You can obtain 
Z from the scattering parameters of the 
MMIC: Zj.^,— 2s,|Zq, where Z^-, is the ter- 
mination resistance for the scattering 
matrix, usually 50(1. Z.^^ for the ERA 5 
MMIC is approximately 1 kfl. If you 



frequency characteristics of 
the circuit will not be flat in 
the low-frequency region. 

Because you don't know the 
exact value of Z.^.^,, you should 
trim Rj. for the MMIC you use. 
You can perform the trim us- 
ing either a low-frequency 
spectrum analyzer or a pube 
generator with an oscillo- 
scope. With perfect compen- 
sation, the frequency response 
of the amplifier should be tlal 
and should display no over- 
shoot or undershoot. To get 
the best results, you must take 
care in designing the pc-board 
layout because of the circuit's 
high bandwidth. Especially, 
decouple the MMIC's com- 
mon point using components 
as small as possible to reduce 
parasitic inductance. You should accu- 
rately nmtch resistors R^-R,.^' and R^-Rg' 
U'-smmist oSm wiaigei.' (S)l *23i6). 
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Simple scheme detects shorts 

Luis Miguel Brugarolas, SIRE, Madrid, Spain 



WHEN YOU MANUALLY assemble 
complex boards, it's common 
to short-circuit adjacent com- 
poiient or IC p'ms. Pcterrainiiig 
which section of the circuit you haw 
shorted is not too difficult, but find 
ing the precise point where ^7 
the short exists can be a 
formidable task, because the short 
may be ander a surface-mount com- 
ponent. The circuit in Figure I eases 
the diagnosis. It uses off-the-shelf 
components, and you can build it in 
a few minutes. The circuit uses a 
DMM set at its maximum voltage- 
sensitivity scale (typically, 200 mV full- 
scale with 0.1 -mV resolution). The 
DMM measures the voltage drop in the 
divider comprising the 5il rciistof «nd 
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A do-it-yourself short-circuit detector makes it easy to 
find solder bridges in pc board using surface-mount 

the cable and shoft-circuit resistance. 

For the power source, you can use a 
laboratory supply or a battery cell. The 
low power-source voltage guarantees that 
no circuit dismtge cm occur, even if you 



probe the wrong circuit points. For 
a IV source, the circuit's transfer 
function is 0.5 mV/mJQ — enough 
sensitivity for any practical situation. 
The accuracy of the DMM is not im- 
portant, but resolution is. The 
scheme is simple to use: V^'^ith the cir- 
cuit under test unpowered, connect 
the probes in s^ny area of suspected 
shorted nets. Move one probe in a 
direction to minimize the voltage 
reading. Then, move the other probe 
to find the point that produces an 
absolute minimum reading. The 
shoft eifctiit is most liktly betwten the 
poititt th* two pfofes touch. (D! #2:313) 
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